We investigated the effects of fish meal (FM) in beef cattle diets on growth performance, carcass characteristics, and fatty acid (FA) composition of longissimus muscle in 63 yearling steers (335 ± 23 kg). High-moisture corn and alfalfa silage diets were supplemented with either a corn gluten/blood meal mixture or FM at 10% of the diet. Fish meal contained (as-is basis) 5.87 g/kg eicosapentaenoic acid (EPA) and 9.84 g/kg docosahexaenoic acid (DHA). Seven strategies were developed to feed either a control diet (no FM) or diets containing 5 or 10% FM with FM fed for either 56, 112, or 168 d before slaughter. Average daily gain and feed efficiency were not affected ( P > .10) by FM feeding but DMI decreased. Within FM diets, cattle fed 5% FM consumed more ( P < .01) DM and gained more ( P < .02) than cattle fed 10% FM. Carcass traits were not affected ( P > .05) by feeding strategy except for fatter ( P < .05) and lower ( P < .06) yielding carcasses in cattle fed 5 vs 10% FM diets. Fish meal feeding increased ( P < .01) concentrations of ( n-3) FA, including EPA and DHA, and decreased ( P < .05) concentrations of arachidonic acid. Increasing the amount of dietary FM further increased ( P < .01) concentrations of EPA and DHA and decreased ( P < .05) concentrations of ( n-6) FA. We estimate that a 114-g steak from cattle fed 10% FM would supply 35 to 90% of the current average daily intake of EPA and DHA in North America. The results indicate that FM may have a role in niche marketing of beef provided that eating quality is not compromised.
Introduction
Researchers have used protein supplementation in an attempt to alter fatty acid composition in ruminant muscle (Solomon et al., 1991; Lough et al., 1992; Rule et al., 1994) . However, variations in oilseed processing have not resulted in large changes in fatty acid composition (Rule et al., 1994) . Mills et al. (1992) found that fish meal ( FM) supplementation increased palmitoleic acid and decreased stearic acid concentrations of ruminant muscle, but the study did not examine the effect of FM on intramuscular concentrations of ( n-3) fatty acids, eicosapentaenoic acid ( EPA) , and docosahexaenoic acid ( DHA) .
Fish has been the traditional source of ( n-3) fatty acids for humans because vegetables and meat are currently poor sources. Because current fish consumption in the United States (6.8 kg per capita) will not satisfy recommended intakes of ( n-3) fatty acids, remaining requirements must either be supplied via animal products with high concentrations of ( n-3) fatty acids, enrichment of foods with ( n-3) fatty acids, or supplementation with fish oil capsules. The ( n-3) fatty acid enrichment of ruminant tissues was deemed possible when Ashes et al. (1992) demonstrated that ruminal microorganisms did not hydrogenate EPA and DHA to any significant extent.
Currently, FM is not commonly used in finishing diets due to its high cost and because protein requirements decrease during late phases of growth (Hussein and Jordan, 1991) . Use of FM in beef cattle diets may only be feasible if there are significant changes in fatty acid composition, and if FM feeding is minimized to reduce costs of production. The objective of this study was to determine the effects of amount and duration of FM feeding on growth performance, carcass characteristics, and intramuscular fatty acid composition of beef. Table 2 . Feeding strategies to determine the effects of the amount and duration of fish meal feeding on growth performance, carcass characteristics, and intramuscular fatty acid composition of beef 
Materials and Methods
Sixty-three yearling Charolais steers (average weight 335 ± 23 kg) were randomly assigned to 21 pens (three steers per pen) during spring to evaluate finishing diets (Table 1 ) based on high-moisture corn (70.3 to 72.5% of diet dry matter) and alfalfa silage (15% of diet dry matter). Protein supplements were added at 10% of dietary DM and included a corn gluten/blood meal mixture with or without FM. On an as-is basis, the corn gluten/blood meal mixture used contained 684 g/kg crude protein and FM contained 738 g/kg crude protein, 95.2 g/kg ether extract, 5.87 g/ kg EPA, and 9.84 g/kg DHA. Fish meal used was a herring meal obtained from Feed Ingredients Ltd. (Division of Redpath Industries Ltd., Toronto, ON).
Seven strategies were developed to feed either a control diet (no FM) or diets containing FM ( 5 or 10% of dietary dry matter) for periods of up to 168 d before slaughter. Diets were balanced to contain similar concentrations of calcium, phosphorus, trace mineralized salt, and vitamins A, D, and E to satisfy NRC (1984) requirements. Nutrient composition of diets is presented in Table 1 . Cattle were fed for an average of 168 d on the seven strategies (three pens/strategy) as described in Table 2 .
Cattle were offered their assigned diets once daily for ad libitum feed intake. Steers were group-fed in 2.44-m × 3.05-m slatted-floor pens enclosed in a cold environment barn. Amounts of feed offered were recorded and refused feed was weighed back once per week. Cattle were weighed in the morning before being fed at the start of the trial and at 28-d intervals to d 168 to calculate ADG. Shrunk weights were recorded at the start and end of the trial from cattle that had not been fed for 48 h or watered for 12 h. Feed intake data were calculated weekly to determine daily DMI and feed efficiency (kg gain/kg fed) on a pen basis.
To facilitate processing of the cattle at slaughter, one pen of animals on each treatment was slaughtered after 161, 168, and 175 d, respectively. All cattle were slaughtered at a commercial abattoir that used electrical stimulation (120 V ) immediately after exsanguination. Carcasses were individually tagged on the kill floor to enable identification in the grading cooler. Hot carcass weights were recorded before overnight spray chilling. Carcasses were then graded in the normal manner by Agriculture Canada meat graders using criteria to determine carcass grade and lean yield (Agriculture Canada, 1992) .
Left primal ribs from each carcass were delivered to the University of Guelph Meat Wing for further processing. All primal ribs were cut into three sections including the 6th to 7th, 8th to 9th, and 10th to 12th ribs. The interface between the 12th and 13th ribs was used to obtain the following carcass measurements: 1 ) subcutaneous fat (mm) at 1/4, 1/2, and 3/4 position over the longissimus; 2 ) grade fat (mm) or minimum fat in the last quadrant over the longissimus; and 3 ) longissimus muscle area ( LMA) ; (cm 2 ) . Longissimus muscle from the 10th to 12th ribs was removed and stripped of surrounding epimysium. Longissimus muscle lean was passed thrice through a plate grinder and subsampled. Ground lean was lyophilized before grinding for chemical analyses. The freeze-dried sample was ground using a commercial coffee grinder. Water content was calculated from the difference in weight after freeze drying, corrected for any residual moisture from oven drying for 8 h at 100°C. Determination of chemical fat was conducted using method 24.005 for ether extraction of fat (AOAC, 1990) .
Fatty Acid Analyses. Fatty acids were analyzed by gas-liquid chromatography ( GLC) . Longissimus muscle samples ( 2 g ) were extracted using 20 mL of a 1:2 (vol/vol) chloroform and methanol solution based on the method of Bligh and Dyer (1959) . Triheptadecanoin (Nu Chek Prep, Elysian, MN) was added as an internal standard to provide for subsequent quantification of individual FA. Known aliquots of the lower chloroform phases, following lipid extraction, were dried under nitrogen and subjected to transmethylation in the presence of boron trichloride. The resulting FA as their methyl ester derivatives were identified as described in Holub and Skeaff (1987) following GLC analyses in a Varian 3800 equipped with a DB-23 capillary column (.32 mm internal diameter).
Statistical Analyses. Growth performance, carcass trait, and FA composition data were analyzed using a general linear model with PROC GLM (SAS, 1994) to determine the effects of feeding strategy. The model included the fixed effect, feeding strategy, and the random effect, pen nested within feeding strategy; the latter was used as the error term. Initial BW was used as a covariate for analysis of final BW data and growth performance data over the course of the trial. Differences among treatment means were determined with orthogonal contrasts (Steele and Torrie, 1980 
Results and Discussion
Random allocation of steers resulted in treatment differences ( P = .04) in initial BW (Table 3 ) Titgemeyer et al. (1989) found corn gluten meal, blood meal, and FM to increase total and nonbacterial amino acid flow to the duodenum and small intestinal absorption of amino acids relative to using a conventional protein supplement such as soybean meal. However, corn gluten meal and blood meal were superior to FM regarding amino acid flow to and absorption from the small intestine in the study by Titgemeyer et al. (1989) . The former study used menhaden FM which, based on in situ studies, is degraded in the rumen up to 40% greater than the herring meal (Hussein and Jordan, 1991) used in the present study. Protein supplementation may have been ineffective in the present study due to the high levels of CP fed in the present trial, the high ruminal bypass value of corn protein in the 70 to 73% highmoisture corn diets (White et al., 1993) , and also the ability of ruminal microbial protein synthesis to satisfy tissue amino acid requirements during late phases of growth (Hussein and Jordan, 1991; Petit and Veira, 1994) .
Daily gains in cattle fed 5% FM diet exceeded ( P = .01) those in cattle fed 10% FM, resulting in heavier ( P = .03) BW before slaughter (Table 3) . Veira et al. (1994) reported a linear effect of FM on ADG in steers fed grass silage supplemented with FM up to 6.4% of dietary DM. In contrast, FM at up to 5% of dietary DM did not affect ADG in beef steers fed diets containing 56 to 65% ground corn (White et al., 1993) . Lower ADG in cattle fed 10% FM in the present study was probably due to decreased ( P = .01) DMI relative to cattle fed control or 5% FM diets. Daily DMI decreased ( P < .05) further when FM was fed for 168 d vs 56 and 112 d. Fish meal supplementation increased DMI in cattle fed silage diets (Petit and Flipot, 1992; Seoane et al., 1993; Veira et al., 1994) but did not affect DMI in beef cattle fed concentrate diets containing 60% corn White et al., 1993) . Studies with dairy cattle suggested that feeding FM up to 3.5% of the diet DM did not affect DMI (Calsamiglia et al., 1992; Carroll et al., 1994; Broderick, 1995) . However, DMI tended to decrease when 7.3% FM was fed in the diet (Bruckenthal et al., 1989) . Dry matter intake decreased by 8% when dairy cattle were fed FM at 6.5% (Atwal and Erfle, 1992) or fish oil at 1.5% of the diet (Wonsil et al., 1994) . Fish meal supplementation depressed DMI of silage diets even when a flavor enhancer was added (Nicholson et al., 1992) .
The pronounced effect of FM on DMI in the present study was evident when growth performance data were examined over 56-d feeding periods (data not presented). The experimental design (Table 2 ) included initiation of FM feeding at d 0, 57, and 113 to evaluate the effect of duration of FM feeding primarily on FA composition in longissimus muscle because finishing cattle do not require the high levels of supplemental protein found in the present trial to meet tissue needs. From d 0 to 56, DMI was depressed ( P < .08) in cattle fed FM from the start of the trial (168 d feeding FM) vs cattle targeted to start FM Table 3 . Effects of amount and duration of fish meal (FM) feeding on feedlot performance and carcass characteristics of beef steers a Diets (Tables 1 and 2) The variable effects of FM on DMI may be explained by the level of FM in the diet and(or) its fat content. Rule et al. (1989) noted that DMI is often depressed when diets contain over 8% fat because of adverse effects of fat on ruminal microbial populations (Patil et al., 1993) . Dietary fat content is probably not a factor in the present study because fat content ranged from 3.7 (control diet) to 4.5% (10% FM diet) based on analyzed ether extract values for highmoisture corn and protein supplements and NRC values for alfalfa silage. Fiber digestion was not affected by feeding 3.5% FM (Carroll et al., 1994) or 1.5% fish oil (Wonsil et al., 1994) . However, Bruckenthal et al. (1989) reported that 7.3% FM in the diet depressed ruminal fermentation, probably due to the effects of the polyunsaturated fatty acids in FM on fiber digestion (Wonsil et al., 1994 ). The effect of FM feeding on DMI in the present study contradicts findings reported by Comerford et al. (1992) in which 9.3% dietary FM did not adversely affect DMI. Discrepancies between the present study and that by Comerford et al. (1992) may be due to different fat contents in FM because Hussein and Jordan (1991) reported that the fat content of FM can range from 3.4 to 11.3%.
Despite the deleterious effect of FM on DMI in the present study, feed efficiency was not affected ( P > .05) by level or duration of FM feeding (Table 3) . Nicholson et al. (1992) reported a similar response with FM supplementation depressing DMI yet tending to improve feed efficiency by increasing the efficiency of utilization of absorbed nutrients.
Heavier ( P = .01) carcasses were found in cattle fed 5 vs 10% FM, with lighter ( P = .07) carcasses in cattle fed FM for 168 d vs 56 and 112 d (Table 3) . Differences in ADG were probably responsible for the effect of FM level on hot carcass weight. Differences in initial BW are probably responsible for the effect of duration of FM feeding on hot carcass weight. The FM supplementation did not affect ( P > .10) s.c. fat thickness compared with cattle fed the control diet, in contrast to findings by Comerford et al. (1992) . Cattle fed 10% FM deposited less ( P = .04) s.c. fat than those fed 5% FM, probably due to lower DMI in cattle fed 10% FM. Carcass fatness often increases with FM supplementation , and carcass fatness was related more to ME intake rather than dietary ME content according to Solomon et al. (1992) . Rule et al. (1994) found that high-fat diets did not necessarily increase carcass fatness. Inclusion of FM in the diet may have altered acetate:propionate ratios and changes in s.c. fat. However, Steen and Moore (1989) noted discrepancies in the literature regarding the relationship of ruminal propionate concentrations and carcass fatness. Fish meal supplementation did not affect ( P > .05) LMA, marbling score, and intramuscular fat content. Other researchers Petit and Flipot, 1992; White et al., 1993) reported similar findings with FM supplementation. Lean meat yield was lower ( P = .05) in steers fed 5% FM than in those fed 10% FM.
Proportions of individual FA in longissimus intramuscular fat are presented in Table 4 . Fatty acid data in the present trial are similar to those reported by Duckett et al. (1993) for steers fed a highconcentrate finishing diet for 168 d. Fatty acids as a percentage of total fat (data not shown) ranged from 83 to 90% across treatments. Most individual saturated FA were not affected ( P > .10) by amount and duration of FM feeding, but the proportion of palmitic acid (16:0) increased ( P < .10) with both factors. Because palmitic acid is thought to be hyperlipidemic and may contribute to increasing serum cholesterol Solomon et al., 1992) , increasing its proportion would not be desired. In contrast to our data, the proportion of 16:0 in longissimus intramuscular fat was not affected by feeding FM (Mills et al., 1992) or ruminally protected fish oil (Ashes et al., 1992) . The absence of a response in proportion of 16:0 with FM supplementation in the study by Mills et al. (1992) may be due to use of a finishing diet without FM from 354 kg BW to slaughter.
Fish meal supplementation decreased ( P = .02) the proportion of 18:0; the decrease was similar to findings of Mills et al. (1992) . In contrast, studies supplementing fish oil found no effect on 18:0 levels in muscle (Ashes et al., 1992) and milk fat (Wonsil et al., 1994) . Rule et al. (1994) indicated that increasing the proportion of 18:0 and 18:1 would be beneficial to the beef industry because these FA are hypocholesteremic in humans. Generally, there were no treatment effects ( P > .10) on the proportion of 20: 0 and 22:0 (data not presented). Overall, saturated fatty acids were not affected ( P > .10) by amount of FM feeding (Table 5) .
Although FM feeding increased ( P = .09) the proportion of 16:0, there were no treatment effects ( P > .05) on 16:1. In contrast, Mills et al. (1992) found 16:1 to increase with FM feeding. Proportions of 16:1 in muscle were not affected by fatty acids via soybean meal or canola products (Solomon et al., 1991; Lough et al., 1992; Rule et al., 1994) . The proportion of 18:1 in longissimus muscle was not affected ( P > .10) by FM feeding, which agrees with the work by Mills et al. (1992) involving FM feeding. However, Rule et al. (1994) found lower intramuscular concentrations of 18:1 when feeding full-fat soybeans or canola seed in ruminant diets. Overall, there were no treatment differences ( P > .10) in total monounsaturated fatty acids. Table 5 . Effect of amount and duration of feeding fish meal (FM) on classes of fatty acids (FA) and (n-3) fatty acids a Diets (Tables 1 and 2) e Polyunsaturated fatty acids include 18:2(n-6), 18:3(n-6), 18:3(n-3), 18:4(n-3), 20:2(n-6), 20:3(n-6), 20:4(n-6), 20:3(n-3), 20:4(n-3), 20:5(n-3), 22:2(n-6), 22:4(n-6), 22:
5(n-6), 22:5(n-3), and 22:6(n-3). f ( n-3) Fatty acids include 18:3(n-3), 18:4(n-3), 20:3(n-3), 20:4(n-3), 20:5(n-3), 22:5(n-3), and 22:6(n-3).
g ( n-6) Fatty acids include 18:2(n-6), 18:3(n-6), 20:2(n-6), 20:3(n-6), 20:4(n-6), 22:2(n-6), 22:4(n-6), and 22:5(n-6). .001
.001
.028
.224
.043
.037
EPA and DHA, mg/100 g fresh weight .001
EPA and DHA, % total FA .2 .4
.6
.8
.006
.003
.011
.032
.172
( n-3) FA, mg/100 g fresh weight .145
.978
.099
.297
.059
Proportion of linoleic acid [18:2(n-6)] and linolenic acid [18:3(n-3)] were similar ( P > .10) for control and FM-supplemented diets, but lower ( P = .03) proportions of linoleic acid were deposited in longissimus muscle of cattle fed 10 vs 5% FM. Linoleic acid content in longissimus muscle did not change by replacing soybean meal in the diet with FM (Mills et al., 1992) . Feeding of ruminally protected fish oil did not affect muscle triglyceride concentrations of 18:2 and 18:3, even though it markedly decreased phospholipid levels of both fatty acids (Ashes et al., 1992) . Concentrations of 18:2 in milk were not affected by feeding fish oil (Wonsil et al., 1994) . Protein supplementation with canola products have decreased intramuscular concentrations of 18:2 and 18:3 .
Fish meal feeding decreased ( P = .04) 20: 4 ( n-6) concentrations in longissimus muscle, with further decreases in 20:4(n-6) with increased duration of feeding 10% FM. Fish oil supplementation did not affect 20:4(n-6) concentrations in serum or muscle phospholipid, which Ashes et al. (1992) attributed to adequate delta-6 desaturase activity. This is in contrast to findings in nonruminants, in which fish oil supplementation decreased 20:4(n-6) in poultry (Van Elswyck et al. (1992) and swine (Morgan et al., 1992) . The n-3 fatty acids found in FM or fish oil interfere with synthesis of arachidonic acid from linoleic acid according to Ratnayake et al. (1989) , and Morgan et al. (1992) hypothesized that ( n-3) fatty acids may be competing with arachidonic acid for deposition sites in phospholipids. Amount and duration of FM feeding increased ( P < .05) intramuscular deposition of EPA [20:5(n-3)] with concentrations further increasing with dietary concentration fed and duration of feeding. Ashes et al. (1992) found that ruminal microorganisms could not hydrogenate 20 and 22 ( n-3) fatty acids to any significant extent. ] were incorporated into phospholipid and not into muscle triglyceride (Ashes et al., 1992) or in subcutaneous fat (Mitchell et al., 1991) . Eicosapentaenoic acid was not found to any significant extent in longissimus muscle from North American cattle on a finishing diet for 56 to 196 d (Duckett et al., 1993) . In contrast, EPA content in longissimus muscle ranged from .4 to 1.0% of total fatty acids in cattle either pasture-or grain-fed in Japan (Koizumi et al., 1991), and Mitchell et al. (1991) reported EPA concentrations of .9% and 1.7% EPA of total fatty acids in Australian cattle fed either forage or grain. The presence of EPA in forage-fed cattle is not surprising because certain browse and pasture contains EPA and DHA (Simopoulos, 1991; Hebeisen et al., 1993) . Unfortunately, no dietary ingredients were mentioned for grain-fed cattle in the Japanese (Koizumi et al., 1991) or Australian (Mitchell et al., 1991) studies. The effect of duration of FM feeding on EPA concentrations is disappointing because marked improvements in EPA concentration are not accompanied by improved growth performance. Because ruminal microbial synthesis is able to meet tissue amino acid requirements during the late phases of growth (Hussein and Jordan, 1991; Petit and Veira, 1994) , the economics of feeding FM in respect to growth performance would be questionable.
Supplementing dairy cattle diets with fish oil increased plasma concentrations of EPA from .7 (control diet) to 7.2% of total fatty acids (Wonsil et al., 1994) . In the present study, FM supplementation increased EPA concentrations in longissimus muscle from 5.2 mg/100 g (control diet) to up to 29.8 mg/100 g (Table 5 ) in cattle fed 10% FM for 168 d. The maximum level of dietary incorporation of EPA into longissimus muscle in the present study is similar to intramuscular concentrations of 20 to 30 mg/100 g of white or dark meat found in broilers fed 12% redfish meal (Ratnayake et al., 1989) but less than EPA concentrations of 1.1% of total FA found with EPA/ DHA-oil supplementation of swine diets (Morgan et al., 1992) .
Even though FM feeding increased ( P = .001) the proportion of DHA in longissimus muscle (Table 4) , most contrasts evaluating length and duration of FM feeding were nonsignificant with the exception of increased ( P = .04) proportion of DHA in cattle fed 5% FM for 168 d vs counterparts fed FM for 56 and 112 d. Fish oil or FM supplementation increased DHA concentrations in plasma of dairy cows (Wonsil et al., 1994) , egg yolk (Van Elswyck et al., 1992) , and white and dark meat and poultry skin (Ratnayake et al., 1989 ). On a mg/100 g basis (Table 5) , FM supplementation increased DHA concentrations up to 500% vs cattle fed the control diet. However, the maximum level of 11 mg DHA/100 g muscle is well below the 178 mg DHA/yolk (17.5 g yolk weight) reported by Van Elswyck et al. (1992) using fish oil supplementation and the 40 to 60 mg EPA and DHA/100 g of poultry muscle reported by Ratnayake et al. (1989) using FM supplementation. Direct comparison of tissue incorporation of fatty acids between species is probably invalid due to pronounced differences in fatty acid composition for separable lean from 14 retail beef cuts (Harris et al., 1991) . Furthermore, Harris et al. (1991) also found that fatty acid composition in lean tissues from an individual beef retail cut could vary depending on marbling when USDA Choice and USDA Select cuts were compared.
Intramuscular concentrations of docosapentaenoic acid ( DPA, [22:5(n-3)]) increased ( P < .10) by feeding FM (Table 4) , but the biological significance of these differences is questionable. These findings are in contrast to the marked increases in intramuscular concentrations of DPA from supplementation with fish oil in swine (Morgan et al., 1992) and FM in poultry (Ratnayake et al., 1989) . Total concentration of ( n-3) fatty acids and combined EPA and DHA were increased ( P < .04) by amount and duration of FM feeding (Tables 5). Fish meal supplementation did not affect ( n-6) fatty acids as a percentage of total fatty acids, but ( n-6) fatty acids were lower ( P < .05) in cattle fed 10% FM vs their 5% FM counterparts (Table 5) . Findings in the present trial regarding the effect of supplementing FM on ( n-3) and ( n-6) fatty acids and combined EPA and DHA concentrations agree with previous work with FM supplementation of chicken diets (Ratnayake et al., 1989) .
Recommended daily requirements for adults include consuming 1 g per day of ( n-3) fatty acids for optimal health with 300 to 400 mg as preformed EPA and DHA (Uauy-Dagach and Valenzuela, 1992) . Based on our results, consumption of 114 g of beef from cattle fed 10% FM for 168 d would provide 85 mg of ( n-3) fatty acids, including 45 mg EPA and DHA. In contrast, consumption of 110 g of chicken breast meat from the study of Ratnayake et al. (1989) would provide 45 to 70 mg of ( n-3) fatty acids, including 25 to 40 mg of EPA and DHA from non-FM-supplemented chickens vs 111 to 117 mg of ( n-3) fatty acids with 82 to 88 mg of EPA and DHA from chickens supplemented with 12% FM. Presently, fish is the primary source of EPA and DHA in North American diets and accounts for 90% of the EPA and 75% of DHA consumption (Raper et al., 1992) . Nettleton (1991) noted that fish should be consumed twice per week to satisfy EPA and DHA requirements. Even though North American consumption of fish has increased by promoting the "health" aspects of eating fish, Uauy-Dagach and Valenzuela (1992) doubted that any further increase in fish consumption will occur. Thus, 114 g of beef from cattle fed 10% FM can satisfy 35 to 90% of the average daily intake (i.e., 50 to 130 mg of EPA and DHA) for adult Americans (Simopoulos, 1991; Uauy-Dagach and Valenzuela, 1992) . Further enrichment of ( n-3) fatty acids seems possible. Deposition of EPA in the work of Koizumi et al. (1991) and Mitchell et al. (1991) exceeds combined EPA and DHA deposition (Table 5 ) in our present study with FM feeding.
Total polyunsaturated fatty acids were not affected ( P > .10) by amount and duration of FM feeding (Table 5) ; this is in contrast to work with poultry in which polyunsaturated fatty acid concentrations decreased with increasing amount of FM fed (Ratnayake et al., 1989) . Increasing the ratio of polyunsaturated to saturated fatty acids in the diet is considered a priority for reducing plasma cholesterol Morgan et al., 1992) . Amount and duration of FM feeding did not affect ( P > .10) the polyunsaturated:saturated fatty acid ratio which ranged from .11 to .13 across all diets. In contrast, the increase in polyunsaturated:saturated fatty acid ratio from EPA/DHA-oil supplementation of swine diets approaches the recommended polyunsaturated:saturated fatty acid ratio of 1:1 for humans (Morgan et al., 1992) . Solomon et al. (1991) reported no effect on polyunsaturated:saturated fatty acid ratio by protein supplementation with various oilseed products.
In conclusion, FM supplementation of finishing diets increased intramuscular concentrations of ( n-3) fatty acids, especially EPA and DHA. Increasing the amount and duration of FM feeding further increased ( n-3) fatty acid concentrations. Concentrations of saturated fatty acids, monounsaturated fatty acids, and polyunsaturated fatty acids were not affected by amount and duration of FM feeding. Even though EPA and DHA deposition through FM feeding would contribute to satisfying the human daily requirement for ( n-3) fatty acids, FM supplementation did not achieve the desired goal of producing beef with less cholesterol-elevating saturated fatty acids and more monounsaturated and polyunsaturated fatty acids as recommended by Sweeten et al. (1990) .
Further research is warranted to increase ( n-3) fatty acid deposition in ruminant tissues. Past work with nonruminants (Ratnayake et al., 1989; Morgan et al., 1992; Van Elswyck et al., 1992) has shown that meat and eggs can be markedly enriched with ( n-3) fatty acids. The present study demonstrates that dietary strategy can be used to significantly enrich ( n-3 ) fatty acid concentrations in beef. However, fish oil may be a more effective and economical source of ( n-3 ) fatty acids than the FM used in the present study. Palatability attributes must be addressed when feeding fish products (Ratnayake et al., 1989; Van Elswyck et al., 1992) to ensure that organoleptic properties are not compromised.
Implications
Qualitative and quantitative alterations in intramuscular content of ( n-3) fatty acids in beef can be achieved by dietary manipulation with fish meal or oil. This may be important for the well-being of consumers and the viability of the beef industry. Unfortunately, the extent of alterations in ( n-3) fatty acid composition in ruminants has not reached the level attained with nonruminants. Research must continue to investigate methods of altering fatty acid composition in beef that will result in significant modifications in the various classes of fatty acids yet will be cost-effective for producers and not compromise palatability attributes for consumers.
